Phyllanthus emblica L. belonging to the family Euphorbiaceae is a common medicinal plant in Bangladesh. In order to evaluate the phytoconstituents and bioactivity of various parts of P. emblica, both the wild type (i.e., small) and cultivated (i.e., big) fruits were collected from the local market of Bangladesh and six ethanolic extracts were prepared from various parts of the collected fruits for this current study. A comparative analysis of the phytochemical compositions and various bioactivities especially antibacterial, antifungal, and antioxidant activity of the six ethanolic extracts were accomplished. The qualitative phytochemical analysis of plant extracts revealed the presence of large amounts of proteins, carbohydrates, phenolic compounds, glycosides, alkaloids, coumarins, flavonoids, tannins, saponins and resins etc. The maximum antioxidant activity was observed for wild type P. emblica seed extracts and the minimum activity was observed for cultivated flesh extracts. Moreover, among the samples the wild type P. emblica extracts have excellent amount of total phenol contents and the highest free radical scavenging activity. It is also found that P. emblica samples were active against both gram-positive (i.e., B. subtilis) and gram-negative (i.e., E. coli, and S. typhi) bacteria. The highest antibacterial activity was achieved in the wild type P. emblica seed extracts against both pathogenic (S. typhi) and non-pathogenic bacterial strains (E. coli, and B. subtilis). These samples showed almost no activity against Fusarium sp. fungus.
Introduction
Infectious diseases are the leading cause of untimely death world-wide and it has become a global concern [1] [2] [3] . The clinical efficacy of many existing antibiotics is being threatened by rapid emergence of multidrug-resistant pathogens [4] [5] . Many infectious diseases have been known to be treated with herbal remedies throughout the history of mankind [6] [7] . Therefore, medicinal plants are important resources of new drugs. Natural products, either as pure compounds or as formulated with measured constituents of plant extracts, provide unlimited opportunities for the emergence of new drug leads [8] . There is a continuous and urgent need to discover new antimicrobial compounds with diverse chemical structures and novel mechanisms of action for new and re-emerging infectious diseases [1] [9] . Contrary to the synthetic drugs, antimicrobials of plant origin are not associated with many side effects [8] and have an enormous therapeutic potential to treat many infectious diseases.
Antioxidant refers to a compound that can delay or inhibit the oxidation of lipids or other molecules by inhibiting the initiation or propagation of reactive oxidative chain reactions and which can thus prevent or repair damage done to the body's cells by oxygen. It acts by several mechanisms, such as inhibition of scavenging activity against reactive oxygen species (ROS), reducing power, metal chelation, activity as antioxidative enzymes, and inhibition of oxidative enzymes. In recent years, there has been a considerable interest in finding natural antioxidants from plant materials. The antioxidant phytochemicals from plants, particularly flavonoids and other polyphenols have been reported to inhibit the propagation of free radical reactions to protect the human body from diseases. On the other hand, the use of synthetic antioxidants has been questioned because of their toxicity.
The fruit of Phyllanthus emblica commonly known as amla is highly valued as traditional medicine [10] . There are two varieties of P. emblica-cultivated (gramya) and wild (vanya). The wild type P. emblica is small, while cultivated P. emblica is big, smooth and juicy. Chemical composition of the P. emblica fruit contains more than 80% of water. It has proteins, carbohydrates, fiber and minerals and also contains gallic acid which is a potent polyphenol.
In Unani medicine, the dried fruits of P. emblica are used to treat hemorrhage, diarrhea and dysentery [11] . In addition, the fruit of P. emblica is diuretic, adaptogenic [12] and hepatoprotective [13] [14] [15] [16] [17] . The fruits are also reported to be anti-inflammatory [18] , analgesic and antipyretic.
Several research works have been conducted on the leaves, fruits, and stems of Phyllanthus emblica. However no research work has been performed on the different parts of P. emblica fruits such as flesh, seed coat and seed. Furthermore, no research was also performed and compared the bioactivity of the wild type and cultivated P. emblica extracts. Therefore, the objective of the current research is to evaluate the potential antioxidant and antimicrobial activity of P. emblica fruit extracts on various microorganism to replace the synthetic drugs.
The ultimate goal is to offer appropriate and efficient natural antioxidants and antimicrobial agents to the patients.
Materials and Methods

Chemicals and Reagents
Absolute ethanol, methanol and Folin-Ciocalteu reagent were purchased from Merck, Germany. Gallic acid was purchased from Ashland Inc. USA. Ascorbic acid was bought from VEGA, China. 1-1-diphenyl-2-picryhydrazyl (DPPH) was collected from Sigma-Aldrich, USA. Agar powder was purchased from Titan Biotech Ltd., India. Peptone, yeast extract, sodium chloride and sodium carbonate were collected from UNI-CHEM, China.
Escherichia coli DH5α, Bacillus subtilis RBW, and Salmonella typhi were obtained from the department of Biotechnology and Genetic Engineering, Jahangirnagar University, Savar, Dhaka 1342, Bangladesh. The fungal strain Fusarium sp. was collected as pure culture from the Plant Pathology Laboratory, Department of Botany, Jahangirnagar University, Savar, Dhaka 1342, Bangladesh.
Sample Collection and Preparation
Phyllanthus emblica (amla) fruits were collected from the local market and were brought back to the laboratory for proper identification. Two types of P. emblica fruits were collected i.e., wild type and cultivated. Then they were washed thoroughly with distilled water for further processing.
The collected P. emblica fruits were cut into pieces separating the flesh and seed and then dried in hot air oven at 60˚C for 5 -8 days to grind them properly.
After drying, the seed coats were opened and then the seed and seed coats were separated. The dried parts (i.e., fruits, seed, and seed coat) of P. emblica were ground separately into fine powder. The powder was then stored in air tight container and kept in cool, dark and dry place for investigation.
Preparation of Crude Extract and Fractionation
About 5 g of powdered materials were taken in clean glass containers and soaked in 100 ml of 70% ethanol and incubated 72 h in water bath shaker. Then the crude mixtures were filtrated using Whatman No.1 filter paper. The extracts were then concentrated by using a rotary evaporator at 60˚C and stored in dry and cool place for further studies. Finally, 1% of the extract sample was prepared using 0.9% NaCl solution.
Test for Carbohydrates (Fehling's Test)
Equal volume of Fehling's A (copper sulfate in distilled water) and Fehling's B (potassium tartarate and sodium hydroxide in distilled water) reagents were mixed and few drops of P. emblica extracts were added to the reagent mixture and boiled, where a brick red precipitate of cuprous oxide formed indicating the presence of reducing sugars.
Test for Alkaloid (Wagner's Test)
About 500 µl of extracts was taken into the tubes. Then few drops of Wagner's reagent (1.27 g iodine + 2 g KI₂ in 100 ml water) were added to the tubes. After that, the solution was heated at 60˚C for 30 minutes. The presence of alkaloids gave reddish brown precipitate with Wagner's reagent.
Test for Glycosides
1 ml glacial acetic acid was added to 1 ml of the extracts. Then few drops of FeCl 3 were added to the extracts. The appearance of brown colored ring at the top indicated the presence of glycosides.
Test for Tannins
1 ml of distilled water was added to 0.5 ml of the extracts and then 1 -2 drops of ferric chloride solution were added. Gallic tannin solution showed blue color, whereas catecholic tannin solution showed green black color.
Test for Flavonoids (Alkaline Reagent Test)
Few drops of sodium hydroxide solution were added to the test solution which initiated the formation of an intense yellow color and then turned colorless upon addition of few drops of diluted acid indicating the presence of flavonoids.
Test for Saponins (Foam Test)
1 ml of the extracts were added to 2 ml of distilled water and then vortexed for few minutes. The formation of 1 cm thick layer of foam for 10 minutes indicated the presence of saponins.
Test for Phenols (Ferric Chloride Test)
1 ml of the extracts were dissolved in 1 ml distilled water or ethanol, and then few drops of ferric chloride were added to the solution. The phenolic solution showed red, blue, green and purple color.
Test for Amino Acids and Proteins (Xanthoprotic Test)
1 ml of the extracts were added to 2 -6 drops of concentrated HNO 3 . The solution was then neutralized using concentrated sodium hydroxide solution. The presence of protein and amino acid in the extract solution showed yellow or orange color.
Test for Coumarins
To confirm the presence of coumarins, 3 ml of 10% NaOH and 2 ml of the extracts were mixed in different tubes. The presence of yellow color indicated the presence of coumarins in the P. emblica extracts.
Test for Resins
Ethanolic extracts of P. emblica were mixed with few drops of acetic anhydride followed by the addition of 1 ml concentrated sulfuric acid. The presence of yellow to orange color confirmed the presence of resins in the extract samples.
Determination of Total Phenol Content
The content of total phenolic compounds in the ethanolic extracts of P. emblica was determined by Folin-Ciocalteu Reagent (FCR). At first, all the reagents such as sodium carbonate (7.5%), sodium chloride solution (0.9%), Folin-ciocalteu (10% v/v), and different P. emblica ethanolic extracts were prepared. Gallic acid was used as standard and a solution of 500 µg/ml was prepared as stock. P. emblica extracts or standard solutions (100 μl) of different concentration were taken into test tubes. Then 500 µl of Folin-ciocalteu (diluted 10 fold) reagent was added to all the test tubes. Finally, 400 µl of sodium carbonate was added to the test tubes and incubated for 60 minutes at room temperature to complete the reaction. The absorbance of the solutions was then measured at 765 nm using a UV-visible spectrophotometer (Optizen POP, Korea) against blank containing methanol. Different concentrations of gallic acid were used to prepare a standard curve to determine the total phenol content (TPC) value of the extracts. The TPC of the ethanolic extracts of P. emblica was expressed as gallic acid equivalent per milliliter (µg GAE/ml).
Determination of Antioxidant Activity (DPPH Free Radical Scavenging Assay)
The ability of the ethanolic extracts of P. emblica to scavenge DPPH free radicals was determined according to the method described by Manzocco et al., 1998 with little modification [19] . Briefly, sample extracts (stock: 1.0 mg/ml) were diluted to two different concentrations such as 50 and 100 μg/ml. Both the diluted sample extracts (730 μl) and different concentrations of standard (i.e., freshly prepared ascorbic acid) solution were taken into different test tubes. 20 μl HCl (1.0 M) was added to all the test tubes containing either the ethanolic sample extracts or ascorbic acid. Then methanolic solution of DPPH (250 μl, 0.004%) was added to all the test tubes and incubated for 30 minutes in the dark and cold environment. After 30 minutes incubation, the absorbance of all the solutions was measured at 517 nm using a UV-visible spectrophotometer (Optizen POP, Korea) against a blank containing methanol. The percentage (%) of free radical scavenging activity was calculated from:
Here, Ab is the absorbance of the blank, and As is the absorbance of the standard or extract sample. The percentage (%) of free radical scavenging activity was plotted against the concentration of the plant extracts and the value of IC 50 (i.e., the concentration of the plant extract required to inhibit the formation of free radicals by 50%) was calculated from the regression line obtained. Tests were carried out in triplicate and the average value was taken.
Antibacterial Activity Determination
Preparation of Culture Inoculums for Test
Both gram-positive (i.e., Bacillus subtilis) and gram-negative (i.e., Escherichia coli, and Salmonella typhi) bacteria were taken for the study. In an aseptic con-dition under laminar air flow, the test organisms were transferred from the glycerol stocks to the nutrient broth with the help of a transfer loop to get fresh pure cultures. The inoculated strains were then incubated for 24 hours at 37˚C
for their optimum growth. These fresh cultures were then used for the investigation of the antimicrobial activity of the ethanolic extracts of P. emblica.
Preparation of the Test Plates
The overnight grown bacterial cultures (100 μl) were transferred to sterile agar plates in an aseptic condition and spreaded uniformly using a glass spreader.
The plates were then incubated at 37˚C for ~24 h.
Preparation of Discs
Sterile metrical filter paper discs (Oxoid, UK) were taken in a blank petri plate.
Herein, three types of discs were used for the antibacterial screening such as standard discs (positive control: chloramphenicol), blank discs (negative control), and sample discs (discs containing sample extracts). For the preparation of sample discs, blank discs were soaked with different concentration of the sample extracts (i.e., 25 μg/μl, and 50 μg/μl). Furthermore, blank discs were soaked with chloramphenicol to prepare the standard discs. Finally, all the discs were dried properly at room temperature.
Determination of Antibacterial Activity by Disc Diffusion Method
Antibacterial activity of P. emblica extracts were investigated by disc diffusion method. Briefly, LB agar medium was used to grow bacteria. Dried and sterile metrical filter paper discs (6 mm diameter) containing P. emblica extracts of known concentrations were placed on nutrient agar medium uniformly seeded with the test microorganisms. The plates were then incubated at 37˚C for 24
hours for optimum growth of the microorganisms.
Determination of the Zone of Inhibition
The antibacterial activity of P. emblica extracts were determined by their ability to prevent the growth of microorganisms surrounding the discs which gives a clear zone of inhibition. After incubation, the antibacterial activities of the test materials were determined by measuring the diameter of the zone of inhibition in millimeter with a transparent scale.
Determination of IC50 (Inhibitory Concentration 50) Value
Broth dilution method is one of the most frequently used methods to determine IC 50 value of tested samples. The IC 50 values of all the ethanolic extracts of P. emblica were determined through serial dilution method as described by Polash et al. [20] . Briefly, different concentration of the extracts (i.e., 5, 10, 20, 40, 80
and 160 μg/ml) were added to the bacterial cultures and the final volume was made up to 2.0 ml before incubating overnight at 37˚C upon gentle shaking. For each batch of IC 50 determinations, a blank tube (i.e., 2 ml LB broth without any bacterial strains) and a positive control (10 μg of chloramphenicol antibiotic was added to bacterial cultures) were included. The absorbance of all the tubes was taken at 600 nm using a UV-visible Spectrophotometer (Optizen POP, Korea).
The experiment was performed multiple times and the data expressed as a mean of several replications (n = 3) and standard deviations.
The data were plotted into the graph and the IC 50 values were found from the following equation:
Here, Y = 50%, x = concentration of the extract in which 50% inhibition occurs, b = constant, a = coefficient.
Antifungal Activity Test (Poisoned Food Method)
Poisoned food method is mostly used to evaluate the antifungal activity against molds. Richard medium was used to prepare the test plates to grow Fusarium sp. The antifungal agent or the ethanolic extracts of P. emblica were incorporated into the molten agar at a desired concentration and mixed properly. The medium was then poured into petridishes. After overnight pre incubation, the inoculation was done by a mycelia disc of the tested fungi ranging from 2 to 5 mm, which was deposited in the center of the plate. After further incubation under suitable conditions for the fungal strain tested, the diameters of fungal growth in control and treated plates were measured.
Results
Phytochemical Screening
The qualitative chemical assay of the crude ethanolic extract of different P. emblica samples has been presented in Table 1 . Almost all the P. emblica samples 
Determination of Total Phenol Content
The total phenol content (TPC) has been expressed as µg GAE/ml (Gallic acid equivalent). The data revealed that all the P. emblica extracts showed significant amount of total phenol content in a dose dependent manner as presented in Figure 1 . Among the P. emblica samples, wild type seed extract at a concentration of 100 µg/ml showed the highest amount of phenolic content (i.e., 42.47 µg/ml) followed by the cultivated seed coat extract (39.51 µg/ml). On the other hand, the cultivated seed extract at a concentration of 50 µg/ml showed the lowest amount of phenolic content (22.56 µg/ml). 
Antioxidant Activity Assay
Freshly prepared DPPH is purple in color by itself and gives the maximum absorbance at 517 nm. However, this purple color disappears when an antioxidant is mixed with the DPPH solution. In the present study, the antioxidant activity of the ethanolic extracts of flesh, seed coat, and seed of the wild type and cultivated P. emblica was investigated using the DPPH scavenging assay. The ethanolic extracts of cultivated seed coat and wild type seed showed the highest free radical scavenging activity as shown in Figure 2(a) . The other ethanolic extracts of P. emblica demonstrated moderate free radical scavenging activity with diminutive antioxidant activity at lower concentration and high antioxidant activity at higher concentration. 
Concentration of P. emblica ethanolic extracts
To determine the IC 50 value of the ethanolic extracts of P. emblica to scavenge DPPH free radical activity, the absorbance of different test solutions with different concentrations of P. emblica samples were plotted and a line was found for each of the P. emblica sample. The calculated IC 50 value of different P. emblica extracts to scavenge DPPH free radical activity is presented in Figure 2 (b). The IC 50 value of cultivated flesh, seed coat, and seed extracts were 144 µg/µl, 98 µg/µl, and 121 µg/µl, respectively. Furthermore, the IC 50 value of wild type flesh, seed coat, and seed extracts were 144 µg/µl, 135 µg/µl, and 65 µg/µl, respectively.
The lowest IC 50 value was 65 µg/µl of wild type seed extract and the highest IC 50 value was 144 µg/µl of both the cultivated flesh and wild type flesh extracts.
Antibacterial Activity Assay
The antibacterial activity of the ethanolic extracts of P. Chloramphenicol and saline were used as positive and negative control, respectively. Chloramphenicol showed the highest zone of inhibition and saline showed no zone of inhibition.
Determination of IC50 Value
The IC 50 value explains the bacteriostatic as well as the bactericidal activity of the P. emblica extracts which is required to inhibit the bacterial growth and multiplication by 50%. It is well known that the absorbance of bacterial culture increases with the increased concentration of bacteria. Since the extracts have both the bacteriostatic and bactericidal activity, the absorbance of bacterial culture was reduced as the concentration of P. emblica extracts were increased and the ethanolic extract of wild type seed coat showed the lowest IC 50 value among all the extracts (Figures 4(a)-(c) ).
Antifungal Activity
In order to evaluate the antifungal activity, ethanolic extracts of flesh, seed coat, and seed for both wild type and cultivated P. emblica samples were used. Antifungal activity of P. emblica extracts was screened using the poisoned food method. No inhibition was observed for discs loaded with the saline (negative control). Similarly, ethanolic extract of wild type P. emblica seeds showed approximately no inhibitory activity against Fusarium sp. However, clotrimazole discs (positive control) showed strong inhibition. The antifungal activity of different P. emblica extracts against Fusarium sp.
was presented in Figure 5 . The positive control showed maximum zone of inhibition which was about 1.6 cm against Fusarium sp. at a concentration of 5 µg/ml concentration. The negative control (saline) showed 3.27 cm of inhibition zone against Fusarium sp.
Discussion
The present study was carried out to make a comparative profile on the phenolic content and bioactivity of three parts (i.e., flesh, seed coat, and seed) of two P. emblica samples (i.e., wild type and cultivated) collected from the local market of Savar, Dhaka, Bangladesh.
The phytochemical analysis of the fruit part of both the wild type and culti- [21] . In the current study, all the P. emblica extracts have excellent amount of total phenol contents (Table 1 ). The maximum amount of total phenol contents was observed in the wild type seed extracts and the minimum amount was observed in propagation. In the present study, the highest DPPH free radical scavenging activity was performed by the ethanolic seed extract of wild type P. emblica and the lowest scavenging activity was performed by the ethanolic flesh extract of both the wild type and cultivated P. emblica. So the IC 50 value for DPPH free radical scavenging activity is minimum for wild type seed extract and maximum in case of both the wild type and cultivated flesh extracts. The antioxidant property increased with the increased concentration of P. emblica extracts. The P. emblica ethanolic extract showed antioxidant activity even at a very low concentration (i.e., 125 μg/ml). The reducing ability of the ethanolic extracts of P. emblica were compared with ascorbic acid which was taken as standard. Our data showed that all six ethanolic extracts of P. emblica have considerable free radical scavenging activity and wild type seed extract was the best among them. The free radical scavenging activity is due to the presence of a significant amount of phenolic compounds especially flavonoids (Table 1 ) which brings about the chelation of the free radicals [22] . Other phenolic compounds were also very good free radical scavengers because of the presence of hydroxyl groups [23] .
Naturally occurring substances of plant origin have been reported to inhibit the growth of microorganisms. Plants extracts are being used in folk and even modern medical practices for the treatment of different ailments, most of which are due to microbial infections [24] . The development of resistance to antibiotics is an almost inevitable consequence of their application [25] . The rate of antibiotic resistance development depends on the respective group of antibiotics and their products. The use of plant extracts or phytochemicals with known antimicrobial properties can be of great importance for therapeutic purposes. Our data suggest that the plants which have been found to have antimicrobial properties in vitro also have in vivo antimicrobial activity and contains a wide variety of secondary metabolites, such as tannins, terpenoids, alkaloids and flavonoids. In this study, the antibacterial property of the ethanolic extracts of both the wild type and cultivated P. emblica have been investigated against a gram-negative (i.e., B. subtilis) and two gram-negative (i.e., E. coli and S. typhi) bacterial strains. The ethanolic extracts of P. emblica showed antibacterial activity against both the gram-positive and gram-negative bacteria (Figures 3(a)-(c) ). Our data indicated that inhibitory action of different extracts is dependent on their concentrations. The higher the concentration, the greater the inhibitory action of the plant extracts to the test organisms. The results support the application of P.
emblica extracts as traditional medicine and suggest that the extracts possess secondary metabolites with excellent antibacterial properties that can be used as antimicrobial agents for new drug discovery. Therefore, this study has revealed the importance of natural products to control antibiotic resistant bacteria which are a threat to human health and can serve as an important platform for the development of inexpensive, safe and effective medicines. In another experiment, we found that none of the P. emblica extracts showed any inhibition on the growth of Fusarium sp. fungus.
Conclusion
A comparative study of phytochemicals and bioactivity has been carried out among six P. emblica samples. The results obtained from this work revealed that the contained bioactive agents are responsible for the antimicrobial properties in different parts of P. emblica fruits. The present work also reveals that different parts of P. emblica possess good antioxidant potential presumably because of its phytochemical constituents. Finding of phytochemicals and other bioactivity in the dose dependent manner can be subjected to further study. The plant can be further screened against various diseases in order to find out its unexplored efficacy and can be a potential source of chemically interesting and biologically important drug candidates. Based on the result of this study it can be said that P. emblica fruit is an effective antimicrobial and antioxidant agent that can be used for folk medicine and will be a good source to treat and control many diseases.
These findings could also be of commercial interest to both pharmaceutical companies and research institutes for the discovery of new drugs.
